Graphene oxide (GO) was chemically synthesized from natural flake graphite (NFG) using the simplified Hummers method. The synthesis was carried out using two routes. The first route involved stirring the one pot mixture continuously for three days at ambient temperature while the second route involved stirring another one pot mixture for six days also at ambient temperature. The two GOs were characterized using Fourier Transform Infrared Spectroscopy (FTIR), Energy Dispersive X-Ray Spectroscopy (EDX), Field Emission Scanning Electron Microscopy (FE-SEM), Raman Spectroscopy and UV-Visible Spectrometry. The FTIR spectra showed introduction of oxygen functionalities in both GO with a higher degree of oxidation in the 6-day synthesized GO while the EDX confirmed the presence of carbon and oxygen in the GOs. The SEM micrograph gave the typical wrinkle and crumpling present in the 3-day synthesized GO while the 6-day synthesized GO showed distortion in structures. The Raman spectra showed a slightly higher I D /I G ratio for the 3-day synthesized GO with the 6-day synthesized GO showing a greater disruption of the sp 2 domains. The extended period of stirring and oxidation increased the band gap of the 6-day synthesized GO to 3.0 eV unlike the 3-day synthesized GO where 2.5 eV was observed.
Introduction
Graphene is a versatile two-dimensional material with various applications ranging from electronic devices to biological devices [1] . It is a nanoscale allotrope of carbon rolled into one-dimensional nanotubes or folded into ze-exhibits novel electronic properties such as ballistic transport and high conductivity [3] . Graphene can be synthesized by various methods such as chemical vapour deposition, mechanical exfoliation and cleavage and annealing of single-crystal SiC under ultrahigh vacuum. The high energy requirement and low yield serve as a limitation in utilizing these methods [4] . Chemical oxidation of graphite is the most utilized synthesis method for graphene oxide (GO) [1] and the process introduces functional groups such as carbonyl, hydroxyl and peroxyl in between carbon layers of graphite [5] . Graphene oxide (GO) can be produced using inexpensive graphite as raw material through the chemical method which is cost-effective [6] . The chemical method involves oxidation of graphite to GO using highly oxidizing reagents. Formation of large quantity of GO in powder form is an advantage [1] as well as its simplicity and cost effectiveness [4] . The process involves oxidation of graphite and exfoliating into monolayers or few layered stacks of GO [4] .
The popular Hummers method usually requires several steps, tedious and long experimental time and temperature control for the preparation of GO, hence the need to find a simpler method of oxidizing GO. In this work, the simplified hummers method was utilized to synthesize GO whereby the long hours of mixing have been mitigated to just 5 minutes of mixing and several temperature controls have been reduced to stirring at room temperature continuously.
We also decided to investigate the characteristics of the GO obtained when the mixture is stirred continuously for three days and for six days. Fourier Transform Infrared Spectroscopy (FTIR), Energy Dispersive X-Ray Spectroscopy (EDX), Field Emission Scanning Electron Microscopy (FE-SEM), Raman Spectroscopy and UV-Visible Spectrometry were utilized to determine these characteristics.
Experimental Method

Synthesis of Graphene Oxide
Graphene oxide was prepared using the simplified Hummers' method. 3 g flake graphite (44 µm, 99.8% carbon, Ash colour from Asbury Carbon, New Jersey, USA) was added into 400 mL solution of concentrated H 2 SO 4 (98%, BDH) in 1000 mL conical flask. The mixture of the flake graphite and acid was placed in an ice-bath in order to keep the temperature below 10˚C and put under vigorous magnetic stirring for five minutes at a constant rate while 18 g of KMnO 4 was gradually added into the solution with continuous stirring (Figure 1 ). After adding the KMnO 4 , the solution turned purplish green which typifies the reaction of KMnO 4 with the acidic solution. The reaction continued for three days while stirring continuously at ambient temperature. After three days, the solution turned deep green. The procedure was also repeated with stirring continuously for six days in another separate set up. After six days, the green colour of the mixture was more intense. For each of the GO, the mixture was poured into a 2 L conical flask containing 400 mL of cold deionized water. While pouring forming a GO gel. The mixture was filtered while the oven drying method and the freeze drying method were both employed in order to compare the two drying routes. Subsequently, the freeze dried and oven dried GO were pulverized.
The powder obtained was sieved to obtain even particle size. Hence, we have two different graphene oxide, differing in the number of days allowed for stirring and oxidation. We have the 3-day synthesized GO and the 6-day synthesized GO. Both samples were characterized to investigate the effect of extended stirring and oxidation on the material.
Characterization of the Synthesized GOs
Infrared spectrum of GO was obtained using Fourier Transform Infrared Spectrophotometer (FTIR, SHIMADZU IRTracer-100). The compositional ratio of the synthesized GO was determined using Energy Dispersive X-ray (EDX) set up. The surface morphology characterization was carried out using Zeiss Ultra
Plus 55 Field Emission Scanning Electron Microscope (FE-SEM) while the Optical absorbance of the liquid GO was carried out using Jenway UV-Visible Spectrophotometer (Model 6405). The Raman Spectroscopy analysis was carried out using Jobin-Yvon Horiba T64000 micro-Raman Spectrometer equipped with a triple monochromator system to eliminate contributions from Rayleigh scat-Graphene tering. . The C=C bond missing indicated a strong oxidation have taken place [8] . The appearance of broad peak between 900 -1200 cm −1 is attributed to C-O stretching with a C-O-C peak at 1232 cm −1
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and C-H peak at 1398 cm −1 [9] .
In the 6-day synthesized GO as shown in Figure 2 (c), the spectrum is similar to that of 3-day synthesized GO except for the absence of a sp 2 CH and a C=O bond making it appear like an alcohol and not a carboxyllic group. We can therefore infer that a longer period of oxidation destroys the sp 2 network on the GO. The epoxides are also absent in this spectrum unlike in Figure 2 (b) where they are strongly present. The more intense C-O peak at 1093 cm −1 is suggestive of a higher degree of oxidation in the 6-day synthesized GO compared to that obtained in the 3-day synthesized GO. Cao et al., (2012) reported that fully oxidized stochiometric GO's do not contain a significant fraction of sp 2 carbon atoms which are responsible for bandgap opening and related optical properties.
The higher disruption of the sp 2 network in the 6-day synthesized GO may cause an increase in defect in this synthesized graphene oxide as well as a lower conductivity compared to that obtained in the 3-day synthesized GO. This may be attributed to the extended time of oxidation reaching to higher oxidation [10] .
However, the two spectrum typify the presence of OH group, C=C bond, spGraphene Figure 3 shows the typical EDX spectrum of the synthesized GOs. The spectrum shows the presence of only carbon and oxygen thereby confirming the synthesis of graphene oxide. The lack of precipitate after centrifugation during the synthesis of the GOs suggests that 100% or near 100% conversion of graphite to GO was achieved [1] . This is observable as seen in the high oxygen content of the GO.
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The microstructure and surface analysis of the synthesized GOs were carried out using FE-SEM and are shown in Figure 4 and Figure 5 . In Figure 4 the three day synthesized GO shows typical crumpled and wrinkled graphene sheet structure which was the result of deformation upon exfoliation and restacking process whereby the morphology resembles a thin curtain [11] . The six days synthesized GO however showed distortion in micro structure as the typical wrinkle of the graphene layer is not noticeable. Figure 5 shows the micrograph of freeze dried GO and oven dried GO. The structures in the freeze dried GO are more preserved as shown by the wrinkling and crumpling typical of GO in the freeze dried GO unlike in the oven dried GO where the sheets are stacked upon one another like a multilayer structure. The freeze dried GO shows that the oxygen functional group has prevented it from stacking [12] . A highly roughened surface for the freeze dried GO sample is due to the freeze drying treatment and is in contrast to the smoother surface of the oven dried GO [13] . Figure 4 . FE-SEM micrograph of (a) 3-day synthesized GO and (b) 6-day synthesized GO. Figure 6 shows Raman spectra of the synthesized GOs. In Raman spectroscopy, D band indicates the extent of defects whereas G band indicates the graphitic nature. If the D peak intensity is higher, the sample has more defects in graphite network. These defects will be imparted to the edges of the sheets. If the G band is prominent, the sample is said to be crystalline [14] . The D and G peaks are Figure 5 . FE-SEM micrograph of (a) freeze dried GO and (b) oven dried GO.
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higher in the 3-day synthesized GO compared to the 6-day synthesized GO. A higher intensity in the D band of the 3-day synthesized GO shows that the material has more defect in the graphitic network compared to the 6-day synthesized GO [14] . The higher intensity of the G band in the 3-day synthesized GO typifies a more crystalline material compared to the 6-day synthesized GO.
However, the ratio of ID to IG for both synthesis are quite close at 1.01 for 3-day from the stretching of C-C bond. The G-peak of the 3-day synthesized GO and 6-day synthesized GO at around 1603 cm −1 and 1608 cm −1 respectively is due to the first order scattering of the E2g phonon of sp 2 carbon domains [16] . The increase of the D peak intensity in the 3-day synthesized GO compared to 6-day synthesized GO indicate presence of more sp 2 domains. Hence, the extended period of oxidation brought about a greater disruption of the sp 2 domains in the 6-day synthesized GO. Figure 7 . UV-Visible spectra of (a) 3-day synthesized GO, (b) 6-day synthesized GO.
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~230 nm, ~260 nm and ~300 nm corresponding to transitions involving π, σ and n electrons of different bond energies [16] . The two GO samples, produced a characteristic peak at ~230 nm which is attributed to π-π* plasmon of the C=C bonds. We also observed a shoulder peak at ~300 nm for both samples though more pronounced in the 6-day synthesized GO which suggests that there exists a bond excitation value at ~300 nm corresponding to n-π* transition of the C=O chromophores for aldehyde and ketone molecule [17] .The higher the ratio of the intensity of C=C bonding peak occurring at ~230 nm to the intensity occurring at 300 nm peak, the higher the degree of oxidation. This is because a more oxidized graphene basal plane yields a greater amount of isolated aromatic rings that increase the intensity of C=C bonding peak (1). In our research, the 3-day synthesized GO has a ratio of 1.58 while the 6-day synthesized GO has a ratio of 2.18. Thus, the 6-day synthesized GO typifies a higher degree of oxidation. The UV results of intensity ratio of C=C peak to ratio of C=O peak of GO reported (1) where d is the thickness of the film and T is the transmittance which is equal to 10-A and A is the absorbance. Figure 8 shows the plot of square of absorption coefficient (α2) against the energy of the photon for the 3-day synthesized GO and the 6-day synthesized GO. The extrapolation of the linear part of the graphs gave a bandgap of 2.5 eV and 3.0 eV for the 3-day synthesized GO and the 6-day synthesized GO respectively. The reduction in bandgap of the 3-day synthesized 
